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Wood ant assemblages of Formica rufa group 
on lake islands and in mainland woodland in Central Finland 


Jouni Sorvari 


1. Introduction 


Sorvari, J. 2018: Wood ant assemblages of Formica rufa group on lake islands 
and in mainland woodland in Central Finland. — Entomol. Fennica 29: 21-29. 


Associations of island size and isolation on the occurrence and species richness 
of five wood ant species of the Formica rufa group (F rufa, F. aquilonia, F. 
lugubris, F. polyctena and F. pratensis) was tested in the Lake Konnevesi archi- 
pelago in Central Finland. In addition, the species composition was compared to 
that of mainland forests of the same region. Island isolation had no associations 
with the wood ant occurrence in this archipelago, but for most species, increasing 
island size was positively associated with the occurrence probability. According 
to the findings among the five species, Formica lugubris is the best adapted for 
insular living. There was a positive species—area relationship as the species rich- 
ness of wood ants increased with an increasing island size. The island community 
of wood ants was dominated by colonies of the monogynous (single queen) spe- 
cies whereas the mainland community was dominated by those of polygynous 
(multiple queen) species. 
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Ideally, island biogeographical studies are 
conducted with a set of species representing simi- 


According to island biogeography theory (Mac- 
Arthur & Wilson 1967), a large island should 
have higher species richness than a small island 
(with all remaining independent variables 
equals). This may be due to the fact that large is- 
lands may have more ecological niches and that 
the large surface itself eases colonisation. This 
should also be visible on an individual species 
level as a species’ probability of occurrence 
would be higher on large islands. Numerous stud- 
ies show a higher number of species on large is- 
lands compared to smaller ones (e.g. Morrison 
1997, Rizali et al. 2010, Clark et al. 2011, Morri- 
son 2016). 


lar life history strategies, for example a group of 
closely related species. An example of this kind 
of a species group is the European mound-build- 
ing wood ants of the Formica rufa group. It con- 
sists of six closely related species belonging to the 
subgenus Formica s. str., namely: Formica rufa 
Linné, 1761; F. aquilonia Yarrow, 1955; F. lu- 
gubris Zetterstdt, 1840; F paralugubris Seifert, 
1996; F. polyctena Förster, 1850 and F. pratensis 
Retzius, 1783. A possible seventh European spe- 
cies has been recently reported to exist in the 
Swiss Alps (Bernasconi et al. 2011). These spe- 
cies occur mostly in conifer forests or forest mar- 
gins, although F pratensis also commonly oc- 
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cupy meadows or other open areas (Collingwood 
1979, Rosengren & Pamilo 1983). Five of the 
species live in Finland. The most common spe- 
cies are F aquilonia and F. lugubris, which seem 
to live in all regions in Finland. The rest, F rufa, 
F polyctena and F. pratensis, are generally re- 
stricted to the southern part of the country (e.g. 
Stockan et al. 2016). 

The colonies are populous as the worker po- 
pulation ranges from 100,000 to several million 
in a mature colony, depending on the species and 
the colony structure (Collingwood 1979, Rosen- 
gren & Pamilo 1983, Seifert 1991). Within the 
group, F aquilonia and F. polyctena are obligato- 
rily polygynous (i.e. there are always several to 
thousands of egg-laying females in a colony) and 
they are normally polydomous, in other words 
they have several colonies in a non-competitive 
relationship, peacefully sharing the resources 
(Collingwood 1979, Rosengren & Pamilo 1983). 
The others, F rufa, F. lugubris and F pratensis, 
seem to be facultatively polygynous, in other 
words they can switch tactics from monogyny (a 
single egg-laying female in a colony) and mono- 
domy (a colony inhabiting a single nest, aggres- 
sive to all aliens and conspecifics) to polygyny 
and polydomy (Rosengren et al. 1993). In Finn- 
ish populations, however, they all tend to be 
monogynous or at least monodomous (Rosen- 
gren & Pamilo 1983, Rosengren et al. 1993). 

All species of the group establish new colo- 
nies by dispersal flight followed by a colony 
founding by means of temporal social parasitism, 
i.e. the dispersing queen takes over a colony of 
one of the species of the subgenus Serviformica, 
e.g. F fusca Linnaeus or F lemani Bondroit; 
however, polygynous colonies are able to estab- 
lish new nests by colony budding (Rosengren & 
Pamilo 1983). The tendency for short-range dis- 
persal in connection with the tendency of colony 
splitting in polygynous species may affect the 
dispersal and colonisation ability of species. In a 
study by Mabelis (1994), it has been shown that 
polygynous F polyctena was common in large 
forest patches whereas smaller, isolated forest 
patches were typically dominated by mono- 
domous F rufa. In the same study, it was also 
shown that larger forest patches had more species 
of wood ants than smaller patches. In addition, 
Vepsäläinen and Pisarski (1982) showed that 


Sorvari + ENTOMOL. FENNICA Vol. 29 


wood ants generally preferred large islands over 
smaller islands in the Baltic Sea archipelago since 
large islands have increased cover of suitable 
habitats. 

The species of F rufa group are specialists of 
late succession forests, especially the polygynous 
species F aquilonia and F polyctena that tend to 
nest in large mature forests (Rosengren & Pamilo 
1983). Monogynous species generally prefer fo- 
rests and forest edges, but are able to colonise fo- 
rests of younger successional stages than the 
polygynous species (Punttila 1996). 

On a local scale, such as in an archipelago, 
factors influencing the island biogeography of the 
wood ant species of the F rufa group could be is- 
land size, isolation and habitat type (e.g. forested 
vs. rocky). In forested islands of this study, I in- 
vestigated 1) whether isolation and island size 
have a different association with the occurrence 
of wood ants that use different strategies (mono- 
gyny and polygyny) and 2) whether wood ant as- 
semblages have a different species composition 
on islands compared to that of the surrounding 
woodland assemblages on the mainland. 


2. Materials and methods 


A sample of 74 forest covered islands of various 
sizes and 133 forest stands were surveyed on 
western part of the Lake Konnevesi and the adja- 
cent mainland around Konnevesi Research Sta- 
tion (the University of Jyvaskyla; WGS84 coor- 
dinates: N 62°36.9570’, E 26°20.7972’) in cen- 
tral Finland during 1999-2001. Wood and work- 
ers (10—30/nest) were sampled from the top of all 
nest mounds found in the study area. The ants 
were stored in 70% ethanol. Species identifica- 
tion was based on the keys of Collingwood 
(1979) and Douwes (1995) and on ten workers 
from each colony. All five wood ants present in 
Finland were found in the study area, but only one 
nest of F pratensis (Table 1). 

The nearest distance from the island to the 
mainland (nearest mainland distance: NMD) and 
the nearest distance to any woodland covered ter- 
restrial biome, mainland or island (but not tree- 
less rocky islets) (ND), were measured. Connec- 
tivity was calculated as the mean of in total three 
NMDs and/or NDs. If an island was located in a 
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Table 1. Numbers of islands and forest plots settled by 
wood ant species (with expected frequency based on 
total frequencies in parentheses) on Lake Konnevesi 
islands (N = 74) and in mainland forests of 
Konnevesi—Laukaa region (N = 133) in Central Fin- 
land. P = polygyny, M = monogyny. In the lower part of 
the table, species using a polygyny strategy and 
monogyny strategy are pooled and their expected fre- 
quencies (in parentheses) were calculated separately 
from the species-level frequencies. 








P/M Lake Mainland 
islands forest plots 

F. aquilonia P 5 (20.2) 61 (45.8) 
F. lugubris M 16 (6.1) 4 (13.9) 
F. polyctena P 3 (6.1) 17 (13.9) 
F. pratensis M 1 (0.3) 0 (0.7) 
F. rufa M 12 (4.3) 2 (9.7) 
Polygynous 8 (26.3) 78 (59.7) 
Monogynous 29 (10.7) 6 (24.3) 





bay, the distances to the different shorelines of the 
mainland were measured using 90° divergence 
between measured lines, starting from the ND. In 
addition, the area of the islands was measured. 
The measurements were made using a map ser- 
vice (www.retkikartta.fi of Metsähallitus, State 
Forest Enterprise, Finland). 

Based on the measured continuous area cov- 
erage of islands, the islands were divided into 
three different size categories following the clas- 
sification of Vepsäläinen and Pisarski (1982): 
small islands (<0.5 ha), medium-sized islands 
(>0.5—-<4 ha) and large islands (24 ha). Of the 
studied islands, 30 represented small islands, 26 
were medium-sized islands and 18 were large is- 
lands. 

The mainland forest stands were a subsample 
of the study plots used in bird studies of the insec- 
tivorous treecreeper (Certhia familiaris Linnae- 


us) from 1999 to 2000 (e.g. Jantti et al. 2007). 
Within each study stand, a circular study plot of Ø 
100 m was searched for wood ants. The minimum 
distances between neighbouring study plots var- 
ied between 233 m and 3,905 m (mean + SD: 
1,054.0 m+ 690.4). The study plots were distrib- 
uted on a landscape of 1,150 km? in Konnevesi- 
Laukaa region. 

The forests were mainly dominated by Nor- 
way spruce (Picea abies (L.) H. Karst.) mixed 
with Scots pine (Pinus sylvestris Linnaeus) and 
birches (Betula pubescens Ehrh. and B. pendula 
Roth) both on the mainland and on the islands. 
The forests were mostly similar between the 
mainland and islands, but some of the island fo- 
rests were more open due to rocky habitats. 

In this study, the occurrence (present vs. ab- 
sent) of wood ant assemblages was studied in- 
stead of the abundance data of the nest mounds. 
This is because using abundance would cause 
some bias to the results since polygynous/poly- 
domous species would anyway have multiple 
nests. In addition, a couple of monodomous F 
lugubris nests on a medium size island may give 
higher abundance per area than e.g. four nests of 
F. aquilonia on a large island. 

All analyses were run using SAS statistical 
software version 9.4 (SAS INC, Cary, IL, USA). 
Generalized linear models (PROC GLIMMIX) 
using binomial distribution (GLM; noman) and 
the logit link function were used for the analyses 
of the probability of occurrence, and GLM using 
Poisson distribution (GLM, osson) With the log 
link function were used for the analysis of species 
richness of wood ants on the islands. All distance 
measurements were inter-correlated, whereas is- 
land area only correlated with the connectivity 
distance (Table 2). Due to this high level of inter- 
correlation, different sets of models were carried 
out. Connectivity was always analysed in single 








Table 2. Pearson correlation matrix of the distance variables (NMD: nearest mainland distance, ND: nearest dis- 
tance to suitable terrestrial habitat, connectivity) and island area. 








ND Connectivity Island area 
NMD r= 0.263, p = 0.02 r= 0.295, p = 0.01 r = —0.182, p = 0.12 
ND r = 0.787, p < 0.0001 = —0.107, p = 0.36 


Connectivity 


r= —0.236, p = 0.04 
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Table 3. Results of binomial logistic regression models for the association of both distance predictors (excl. con- 
nectivity) and island area with the occurrence of different wood ant species on islands. The strongest model is 
evaluated by using each model's AIC value (smaller is better). ND = nearest distance to suitable terrestrial habi- 
tat; NMD = nearest mainland distance. Best models of each species are set in bold. 








Model AIC Island area Second term 
F. aquilonia area 35.85 F, „=5.25, p=0.025 — 
area & ND 37.76 En = 5.06, p = 0.028 F, „ = 0.08, p = 0.78 
area & NMD 37.84 F ,, = 4.47, p = 0.038 F ,, = 0.02, p = 0.90 
F. polyctena area 24.90 F, „= 4.78, p = 0.032 — 
area & ND 26.52 Fa, = 4.54, p = 0.037 F, „ = 0.22, p = 0.64 
area & NMD 23.63 ae = 5.61, p = 0.021 Fiz = 2.99, p = 0.088 
F. rufa area 63.14 Fin = 6.08, p = 0.016 — 
area & ND 64.99 Pi = 6.11, p = 0.016 Foa = 0.16, p = 0.69 
area & NMD 64.04 F, n 74-74, p = 0.033 F, „ = 0.98, p = 0.32 
F. lugubris area 78.42 F, ,. = 2.89, p = 0.094 - 
area & ND 80.23 F, „ = 3.00, p = 0.088 F, ,, = 0.20, p = 0.66 
area & NMD 80.40 F` __ =2.65, p = 0.11 F` __ = 0.02, p = 0.88 


w7 1,71 





predictor models. NMD and ND could be ana- 
lysed together with island area but not with each 
other. Significant predictors in the double predic- 
tor models were further analysed in single predic- 
tor models in binomial regression analysis in gen- 
eralized linear models. The strength of the used 
double predictor models were compared with the 
significant single predictor models using 
Akaike’s information criterion (AIC; smaller is 
better). In addition, the structure of the island as- 
semblages and mainland forest assemblages were 
compared using likelihood ratio tests. 


3. Results 


Of the 74 islands, F rufa was present on 12 is- 
lands, F aquilonia on five islands, F lugubris on 
16 islands, F polyctena on three islands, and F 
pratensis on only one island (Table 1). Due to the 
rarity of the species, F pratensis was not analysed 
in single species models. Twenty-four islands 
were inhabited by wood ants leaving fifty islands 
uninhabited. 

Connectivity (mean + SD: 224.0 m + 146.6 
m) had no association with the occurrence of the 
wood ants (GLM nomar £ rufa: F, 7, = 0.03, p= 
0.86; F aquilonia: Pira 0.75, p = 0.39; F lu- 
gubris: F ,. = 0.33, p=0.57; F polyctena: F, n= 
0.19, p =0.67). Neither ND (mean + SD: 107.8 m 
+ 125.9 m) nor NMD (mean + SD: 678.2 m + 




















557.3 m) had any association with the occurrence 
of different wood ant species, but the probability 
of occurrence of F rufa, F aquilonia and F 
polyctena increased with increasing island size 
while F lugubris did not show such an associa- 
tion (Table 3, Fig. 1). The single predictor model 
for island area was stronger than the two predictor 
models (island area & NMD, island area & ND) 
in F rufa and in F aquilonia (the AIC value is 
smaller), whereas for F polyctena island area 
coupled with NMD was a stronger model than is- 
land area as a single predictor (with AIC 23.63 
and 24.90 respectively, Table 3). 

Since the aspeceis of F rufa wood ant group 
are colony-type polymorphic, the data allowed 
the pooling of the species over the colony type. 
The species adapted to the monogyny strategy 
(pooled F rufa, F. lugubris and F. pratensis) and 
polygyny (pooled F aquilonia and F. polyctena), 
and all the wood ants combined increased their 
probability of occurrence with increasing island 
size, whereas such associations were not found 
with ND and NMD in this archipelago (Table 4, 
Fig. 2). In addition, connectivity had no such as- 


sociations either (GLM momar Monogyny: F ,, 
=0.14, p=0.71; polygyny: F, ,, = 0.94, p = 0.34; 
all combined: F, „= 0.35, p = 0.56). 


1, 72 
The number of wood ant species increased 


with increasing island size (Fig. 3), and whereas 
ND and NMD had no associations with species 
richness, the island area had (Table 4). The stron- 
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Fig. 1. Probability of occurrence increased with an in- 
crease in island size for three wood ant species. — a. 

Formica aquilonia. — b. F. polyctena. — c. F. rufa. Pre- 

dicted values (large circles) were obtained from a bi- 

nomial generalized linear model with 95% confidence 
limits. Small circles represent the observations. 
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Probability of occurrence, polygyny 








Probability of occurrence, monogyny 














0 10 20 30 40 50 60 70 80 
Island area in hectares (100 x 100 m°) 


Fig. 2. Probability of occurrence increased with an in- 
crease in island size for the following wood ant group- 
ings. — a. Polygynous species (F. aquilonia and F. 
polyctena). — b. Monogynous species (F. rufa, F. 
lugubris and F. pratensis). — c. All species combined. 
Predicted values (large circles) were obtained from a 
binomial generalized linear model with 95% confi- 
dence limits. Small circles represent the observations. 
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Table 4. Results of binomial logistic regression models for the association of distance predictors (excl. connectiv- 
ity) and island area with the occurrence of polygynous species (F. aquilonia and F. polyctena), monogynous spe- 
cies (F. rufa, F. lugubris and F. pratensis) and all wood ant species combined. In addition, the results of Poisson 
regression analyses for the association of the same set of predictors with the species richness of wood ants on 
the islands are presented. The strongest model is evaluated by using model’s AIC value (smaller is better). ND = 
nearest distance to a suitable terrestrial habitat, NMD = nearest mainland distance. Best models are set in bold. 








Model AIC Island area Second term 
Polygyne area 44.20 F, ,. = 8.97, p = 0.0038 — 

area & ND 45.95 F, „ = 8.66, p = 0.0044 F „= 0.19, p = 0.66 

area & NMD 45.10 Fizi = 9.59, p = 0.0028 ae = 1.14, p = 0.29 
Monogyne area 89.18 F, „= 5.22, p = 0.025 — 

area & ND 90.56 E = 5.47, p = 0.022 F, ,, = 0.65, p = 0.42 

area & NMD 91.15 F, ,, = 5.00, p = 0.029 F, ,, = 0.03, p = 0.87 
Wood ants area 82.65 F p" 7.02, p = 0.0096 — 

area & ND 84.38 F = 7.24, p = 0.0089 F, ,, = 0.28, p = 0.60 

area & NMD 84.64 F, „ = 7.16, p = 0.0092 F, „ = 0.05, p = 0.82 
Species richness area 131.01 F, „= 18.35, p < 0.0001 — 

area & ND 132.97 F, ,, = 18.39, p < 0.0001 F, ,, = 0.05, p = 0.83 

area & NMD 132.95 F._ = 15.29, p = 0.0002 F___ = 0.06, p = 0.81 


A; 74 1,71 





gest model was with the island area as a single 
predictor (Smallest AIC value; Pearson correla- 
tion r = 0.405, p = 0.0003). Connectivity had no 
association with the species richness of wood ants 
in this archipelago (GLM Hp 006, p= 
0.42). 

When the classification of island size was 
used, the colonies of F rufa, F. aquilonia and F 
polyctena occurred mostly on large islands, 
whereas the occurrence of the colonies of F 
lugubris peaked in medium-sized islands (Fig. 4). 
The latter result explains why the probability of 
occurrence was not significantly associated with 
island size for F lugubris (Table 3). 

The structure of wood ant assemblages on 
Lake Konnevesi islands was dominated by mo- 
nogynous species whereas the mainland forest 
habitats were more commonly inhabited by the 
polygynous species (species data: likelihood ra- 
tio test, G° = 65.18, p < 0.0001; pooled data: G? = 
63.70, p < 0.0001; Table 1). 


POISSON? 


4. Discussion 


Mabelis (1994) found monogynous species (F 
rufa, F. pratensis) more frequently in small iso- 
lated forests and polygynous species (F 
polyctena) in large forest patches. The results of 


the present study highlight the positive effect of 
the large size of a suitable habitat patch or large 
forested islands, not only for the polygynous spe- 
cies (F aquilonia, F. polyctena) but also for 
monogynous F rufa. The latter species was found 
by Dekonink et al. (2010) to favour also large 





No. of species of F. rufa group 














Island area in hectares (100 x 100 m?) 


Fig. 3. Number of wood ant species increased with in- 
crease in island size. Predicted values (large circles) 
were obtained from a Poisson regression generalized 
linear model with 95% confidence limits. Small circles 
represent the observations. 
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Fig. 4. Proportional fre- 
quency of species ob- 
servations in small 
(<0.5 ha), medium- 
sized (0.5—4 ha) and 
large (>4 ha) islands. 
Numbers above bars 
represent numbers of 
islands occupied by 
each species. Most ob- 
servations of Formica 
aquilonia, F. polyctena 
and F. rufa were from 
large islands whereas 
the occurrence peaked 
for F. lugubris on me- 
dium-sized islands. Of 0 


Proportional frequency (%) 











the studied islands, 30 
were small islands, 26 
were medium-sized is- 
lands and 18 were 
large islands. 


pine forests. On the other hand, the occurrence of 
the most common wood ant, F lugubris, on the is- 
lands did not increase linearly with island size. 
The meadow ant, F pratensis, was only present 
on one island (one nest), and thus, no conclusions 
about that species could be made based on the 
data of this study. 

Since none of the distance variables (NMD, 
ND or connectivity) had significant associations 
with the occurrence of wood ant species and 
wood ant species richness, no evidence of dis- 
tance decay effect was found. Probably the dis- 
tances were too short to cause a significant dis- 
persal barrier. However, in the case of polygy- 
nous F polyctena, the NMD contributed to the 
habitat selection model at some level. Unlike this 
study, Clark et al. (2011) found significant de- 
crease of ant species richness with island isolation 
in an archipelago located in the Northeast USA. 

Rizali et al. (2010) found a positive species- 
area relationship of ants in an Indonesian archi- 
pelago. Similarly Clark et al. (2011) found a posi- 
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tive species-area relationship in an archipelago in 
the Northeast USA. Using a restricted set of ant 
species, five wood ant species, a similar trend was 
found here as the number of wood ant species in- 
creased with an increase in island area. Interest- 
ingly, wood ant nests can act as habitat islands 
themselves. Päivinen et al. (2004) found an in- 
crease in the myrmecophilous beetle species rich- 
ness with increasing volume of nest mounds. In 
addition, the probability of the occurrence of the 
shiny guest ant, Formicoxenus nitidulus (Nylan- 
der) (a xenobiont living in wood ant nest 
mounds), increased with increasing nest mound 
volume (Dietrich 1997, Ölzant 2001, Härkönen 
& Sorvari 2017). 

Vepsäläinen and Pisarski (1982) studied is- 
land ant populations in the Baltic Sea archipelago 
close to the Hanko peninsula area in Finland. 
They found that most of the wood ant species 
were only present on large islands but F£ aqui- 
lonia was also found on medium-sized islands. 
The same size classification was used here, and £ 
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polyctena was only found on large islands, 
whereas F rufa, F aquilonia and F lugubris were 
found on large and medium-sized islands — F£ 
lugubris was even found on small islands. The 
frequency peaked for F aquilonia, F. rufa and of 
course F polyctena on large islands, whereas the 
frequency of F lugubris peaked on medium-sized 
islands. The ability of F lugubris to nest on is- 
lands of all size classes is likely to explain the 
commonness of F lugubris in the Lake Konne- 
vesi archipelago. 

Ants typically colonise new areas in certain 
sequences and first colonisers, the pioneers, are 
often replaced by stronger competitors or special- 
ists of later successional stages. An example of 
this from Finnish island habitats is the species 
pair in the genus Lasius where L. niger (Linnae- 
us) is able to colonise islands rapidly but is largely 
replaced by its sister species L. platythorax Sei- 
fert during habitat succession (Czechowski et al. 
2013). The wood ants of the F rufa group are late 
successor species. They are temporal parasites of 
Formica species belonging to a different subge- 
nus, Serviformica, such as F. fusca and F. lemani. 
The host species found their colonies independ- 
ently and are typical species of earlier forest suc- 
cession stages. Therefore, colonisation of the ant 
species of the F rufa group on islands is always 
dependent on the presence of Serviformica colo- 
nies. Another feature in the F rufa group that 
makes their colonisation on islands hard is that 
the species are territorial and do not tolerate co- 
specifics and other members of the group in the 
vicinity of their nests, thus, possible colonizer 
queens of the species group may be eliminated. 
This certainly affects the colonisation success of 
other wood ant species, especially in limited fo- 
rest areas of small islands. 

Punttila (1996) found that F lugubris is the 
most common wood ant species in the young 
successional stages of forests as well as in small 
old-forest fragments. Based on Punttila’s results 
and the present study, it can be suggested that the 
species is the most effective coloniser among the 
wood ants in Finland and most flexible when it 
comes to habitat selection. 

Czechowski and Vepsäläinen (2009) artifi- 
cially introduced a colony of F polyctena on a 
<0.2 ha island where the colony survived over 22 
years. The island had only very few small trees, 
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thus, the colony could survive, but had not 
enough resources to produce sexual offspring. In 
such situation, polygynous species may be com- 
pletely dependent on the adoption of new queens 
from mainland or other islands. However, mono- 
gynous species, such as F lugubris, may be able 
to complete the colony cycle and produce new 
sexual generation, due to their ability to live in 
earlier successional stages of forests. 

In this study, the monogynous species were 
found more frequently than expected on islands 
and less frequently than expected in the mainland 
forest plots, whereas the opposite was found for 
the polygynous species. Thus, the structure of 
wood ant species communities was found to dif- 
fer between the island populations and the main- 
land forests. This is probably due to the different 
dispersal and colonisation ability between the 
monogynous and polygynous species. 

In an earlier work, Mabelis (1994) suggested 
that while monogynous F rufa may have a 
greater chance of becoming extinct than polygy- 
nous colonies of F polyctena, it may be compen- 
sated for by its higher colonisation rate. In the 
present study, the mainland populations were 
dominated by the polygynous species, F 
aquilonia and F polyctena, probably because of 
their good survival over the years since having a 
high number of queens. They frequently adopt 
new queens and polydomy makes the colonies 
persistent over long periods. In the island popula- 
tions, polygynous species were found on rela- 
tively few islands compared to the monogynous 
ones, probably due to their poorer dispersal and 
colonisation abilities. Abandoned single nests 
were commonly found on the islands, which are 
likely to be the remnants of extinct monogynous 
colonies. The present results seem to support 
Mabelis’ suggestion that the higher extinction 
rate of monogynous species is compensated for 
by their higher colonisation rates. 

In conclusion, it was found that the structure 
of the wood ant community is different on lake is- 
lands than on the mainland. Despite the high ex- 
tinction propensity of the monogynous (single 
queen) colonies, the monogynous species were 
common on islands, possibly due to their better 
colonisation ability compared to the polygynous 
species. In addition, it seems that F lugubris is 
able to colonise and survive on small islands, 
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which may make it also tolerant to forest frag- 
mentation in mainland forests. 
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